The analysis of family data in the hope of detecting a recognizable pattern in the distribu tion of disease may be of value in respect of cause and of prevention. The recognition of classical Mendelian ratios, for instance, is both a partial explanation and an opportunity for genetic counselling which may lead relatives to take eugenic measures. In mentally sub normal populations, however, the occurrence of disease in families often shows more com plicated distributions. From knowledge of the relationship between cause and distribution models may be constructed with which empirical data may be compared, for instance, in mater nal-foetal incompatibility in respect of some antigen, or in polygenically determined diseases showing threshold effects in liability to disease.
Before discussing pathological conditions I should like to consider briefly those mentally subnormal subjects who are generally believed to be part of the normal population in respect of inteffigence and are at the lower end of the normal distribution curve judging by the results of intelligence tests. They occupy the IQ range of about 50â€"70, and the majority, although not all, of those in this range have been referred to as normal variants and by other terms. Im portant evidence for the dichotomy between these more numerous and mildly subnormal subjects and the more rare more severely subnormal subjects afflicted with various patho logical conditions was provided by the Colches ter Survey (Penrose, 1938) . In The Biology of
Mental
Defect (ig@g) Penrose wrote: â€˜¿ The frequencies in the two groups are charactdristic. Severe cases are comparatively uncommon, and the events which produce them tend to be relatively rare accidents, rare diseases or rare genetical processes. Conversely, mild cases are common, and most causes of disability here are ordinary events, either environmental or genetical.' Some authors have suggested that a person defined as mentally subnormal is, ipso facto, pathological. To define the word in this way makes this dichotomy impossible and I believe introduces much confusion into the problem. It leads to the use of the word in two different senses, one having regard to the cause, the other to the consequence. The term â€˜¿ pathology' has traditionally been applied to underlying morbid processes and is so defined in Butterworth's Medical Dictiona7y (7965) . Penrose (ig@@) used the word in this sense when he said â€˜¿ There is no doubt that a very large proportion of idiots and imbediles are correctly described as â€oe¿ patho logicalâ€•in the ordinary sense of being diseased. ' If it is assumed that the distribution of ability on intelligence tests should be Gaussian, the empirical findings fit the assumption down to an IQ of about 50 (Table I) ; but below that level there is a considerable excess which may be explained as due to pathological causes of mental defect, whereas the intelligence of sub normal subjects with IQ's above 50 is deter mined by the same additive factors (whether genetic or environmental) as those which deter mine the intelligence of the general population. On this hypothesis one expects a considerable degree of familial incidence of mental sub.. (Fraser Roberts, 7952; Halperin, 1945) .
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The degree of subnormality of relatives, on the average, is expected to be less and to show regression to the mean (Table II) expressed the view that mild degrees of mental subnormality are caused in the same way as severe degrees of it, the difference being simply that the disease causing mild subnormality is a mild attack, for instance, slight birth injury or a mild case of kericterus or of phenylketonuria. While it is true that some cases of mental subnormality of mild degree may be so caused and that there are no doubt other undiagnosed causes of the kind among them, it is unlikely that most of them are caused in this way; if they were, the findings in respect of intrafamilial literature and found that 6i out of 63 children born to phenylketonuric mothers with blood phenylalanine levels above 20 mg./Ioo ml. were affected, whereas only one was affected out of i6 born to mothers with phenylalanine levels below that level. The subject has been reviewed by Cowie (ig7@). Other metabolic errors may act in a similar way. The condition has the appearance of being transmitted through females only to children of both sexes, and the proportion of affected children will be high. In the only two families of the kind I have encountered, all the children were affected, three in one and seven in the other. Since mothers are selected for fertility they are usually not severely subnormal, whereas their affected children usually are. In this respect, (Penrose, 1972) especiallyas the father may also be dull or subnormal on account of assortative mating in respect of intelligence, there may appear to be the same type of IQ regression as one finds with normal variants in this intelligence range. As the mother is homozygous for a rare recessive gene her parents will be heterozygotes and she may have homozygous brothers and sisters, so that some of the mother's sisters could have affected children. It is also likely that there will be a raised consanguinity rate between the maternal grandparents of affected propositi. On the father's side, the disease incidence is the same as in the general population.There may be unknown metabolic anomalies which do not cause mental subnormalityor any grossphysical anomalies in the mother but which nevertheless lead to foetal damage.
It has been suggested that mothers hetero zygous for the phenylketonuric gene, who have reduced powers of metabolising phenylalanine but are themselves mentally and physically normal, have a high abortion rate, and there is some evidence to support this (Cohen, 1971; Saugstadt, 1972) . It is reasonable to assume that therecould be recessively determined metabolic errors in connection with which the hetero zygous females may damage their foetuses, and it is interesting to examine the expected distribution of disease in such families (Fig. I) .
Both sexes are affected, and the proportion of affected children will presumably be very variable. There are several peculiarities of a disease caused in this way. Firstly, it has the appearance of being transmitted through the mother, but both sexes are affected. The pro portion of affected sibs of the propositus will depend on how seriously unfavourable the maternal metabolic environment is. This may vary considerably and may possibly be influ enced by the foetal genotype. If affected subjects are infertile the disease cannot occur in two successive generations of direct descendants. Heterozygous male sibs of propositi may have heterozygous daughters who will damage their foetuses, so a generation will be skipped when transmission occurs through males. Maternal first cousins may be affected, but not maternal uncles and aunts, transmission being through the maternal grandfather.
FIG. i .â€"Damage to foetus caused by transmission from mothers heterozygous for an incompletely recessive gene for an inborn error of metabolism.
If affected subjects are fertile, half the affected females in the sibship of the propositus may be heterozygotes themselves and damage their foetuses. There could be transmission from affected daughters to affected sons and daugh ters for several generations. Maternal uncles and aunts may be affected if the maternal grand.. mother is heterozygous. The picture is, therefore, rather complicated and variable. The frequency of disease may be influenced by how un favourable the maternal environment is, the genotype of the foetus, environmental factors such as nutritionduring earlypregnancy, and the fertility of affected subjects. A somewhat different type of aetiology is that of maternal-foetal incompatibility in respect of an antigen which the foetus has and the mother lacks. Here, unlike what occurs with genes influencing maternal metabolism, the genotypes of mother, father and foetus all affect the issue, in that the mother of a susceptible foetus must be homozygous negative and the foetus must be heterozygous. The father may be either homo zygous positive or heterozygous.
The classic example is rhesus blood group incompatibility, but there may be other diseases due to in compatibility of as yet unknown antigens. The familial appearances of incompatibility @fthis type was examined by Penrose in 7946. The result will differ according to whether the negative gene (as I will name it for brevity) or the positive gene is rare (Fig. 2) . Since the mother's parents must be heterozygotes, some of the mother's sisters may be homozygotes like the mother.
If the negative gene is rare, most males will be homozygous for the positive allele and all children are susceptible. There are not likely to be negative genes among the relatives of the fathers. The disease, therefore, affects males and females in the sibship of the propositus, appears to be transmitted through females on the mother's side, and affects maternal first cousins. As parents are usually both homo zygotes, all children are incompatible in the sibships. Since it is assumed that the negative gene is rare, there will be a raised grandparental consanguinity rate on the maternal side. Only sibs of the propositus and maternal first cousins are likely to be affected. If the gene for presence of the antigen is rare, @so that homozygous negative subjects are quite common in the population, the disease will appear to be transmitted through the father (Fig. 3) . Unlike the mother of a propositus, who, being homozygous negative, cannot herself be susceptible, the father of a propositus is a heterozygote and may himself be affected; so 
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may be skipped. Penrose observed that â€˜¿ diseases likely to be due to maternal and foetal in compatibility should be detectable on the basis of pedigree studies'. Taking p to be the fre quency of the gene for the antigen and q to be the frequency of the recessive gene for the absence of it, Penrose (I@6) calculated the expected frequency of various relatives of the propositus, such as sibs, cousins, uncles and aunts, who would be susceptible and incom patible with their mothers. Whatever the gene frequencies, the diseaseis likelyto show a late birth order effect, and secondarily a late parental age effect. It also differs from disease due to metabolic disorders in that the antibody litre tends to rise late in pregnancy. One is not, therefore,
likely to encounter such congenital malformations as congenital heart disease, which often occurs in the children of phenyl ketonuric mothers, but neurological disorders might occur, caused for instance by demyelina tion or central nervous system defects.
It is interesting to examine the consequences of maternal-foetal incompatibility in respect of an antigen the gene for which is situated on the X-sex chromosome (Fig. 4) . The most striking result is that only females will be affected, regardless of the relative gene fre quencies. If the gene for the absence of an antigen is a rare recessive, the mother's sister may have affected daughters. As she is homo zygous negative and one may suppose her husband to have the commoner allele for presence of the antigen, the daughters must be positive and the sons must be negative. The maternal grandmother must be heterozygous and the maternal grandfather must have the antigen-negative gene, so there will be home.. zygous negative sibs of the mother and the mother's sisters will have affecteddaughters.
The disease will therefore appear to be trans mitted through the mother's side of the family and is only likely to occur in the female sibs of the propositus and in maternal female first cousins, without further transmission.
If the gene for the presence of the antigen is rare (Fig. 5) Families containing affected males only or affected females only often occur by chance but may result from the inheritance of sex linked genes or from the mechanism just described. Many authors have noted the excess of males in mental deficiency institutions, and this tends to increase with increasing severity of defect. There are known specific diseases, such as hydrocephalus, spastic diplegia, a form of gargoylism, deaf-mutism, hyperuricaemia, and so on, due to sex-linked genes, but they are not sufficient to account for the excess of males.
An excess of males or of females may also occur in polygenically determined conditions in which the sexes may differ in their liability to disease, but the propositi in such sibships need not be exclusively of one sex. Davison (1973) , in a survey in the Oxford area, ascertained a large number of families in which there were at least two severely sub normal sibs. Among â€˜¿ 4' such families in which no specific diagnosis could be made there were 50 containing affected males only aiid 20 with affected females only, a substantial excess of those with males. Nevertheless, analysis sug gested that there were not only families in which males only were at risk but also some in which females only were at risk. Among families with males only were many with pedigrees strongly suggestive of sex-linkage or limitation (Fig. 5) . I have not attempted to give an exhaustive account of the causes of familial mental defect, which would have included transmitted chromo some anomalies and such environmental causes as lead poisoning (which could affect the children in a household), but to draw attention to some patterns of disease that might be expected to occur. For their detection it is necessary to record family data, including information about parental and grandparental consanguinity.
It is, of course, easy to pick out pedigrees that fit in with some expected pattern because sooner or later almost any pattern will crop up by chance. But the systematic collection of families might lead to the detection of a significant number of families demonstrating features characteristic of certain classes of cause and help to reduce the at present large propor tion of subjects with mental defect of unknown aetiology.
